3GPP TSG RAN WG1 Meeting #92	R1- 1806993
Busan, South Korea, May 21 – 25, 2018

Agenda Item:	7.3.1
Source: Nokia, Nokia Shanghai Bell
Title: Text proposal for LOS probability, path loss and shadow fading in TR38.811	
Document for:	Discussion and decision 

Introduction
In the last meeting, line-of-sight (LOS) probability for Dense Urban, Urban, and Suburban scenarios in NTN channel model has been agreed [1], but path loss model and shadow fading are still to be finalized. In this contribution, we propose the text for Section 6.6.1 (LOS probability) and Section 6.6.2 (Path loss and shadow fading) of TR 38.811. 
Path loss and shadow fading
It is generally agreed that the basic path loss for NTN, which is the propagation loss excluding rain and gas absorption, atmospheric scintillation, and building entry, can be modeled as a combination of the free space path loss (FSPL) and a clutter loss [2][3][4][5]. The clutter loss is a result of signal being obstructed by the ground obstacles surrounding the UE. It is found to be negligible when the UE is in a LOS condition, but becomes significant when the link is NLOS [2][3][4]. The magnitude of clutter loss in NLOS condition depends on the elevation angle, the carrier frequency, and environment. Figure 1 shows the NLOS clutter loss observed in ray tracing data of Dense Urban (based on Chicago downtown map) and Suburban (based on Arlington Heights, Illinois map) scenarios. One can see that the loss is more severe at low elevation angles, in higher frequency, and in Dense Urban environment.
[image: ]
Figure . Clutter loss as a function of elevation angle
Proposal 1: Use FSPL as the basic path loss for LOS. Use (FSPL + clutter loss) as the basic path loss for NLOS.
Proposal 2: Specify the NLOS clutter loss as a function of elevation angle, carrier frequency, and environment.
Shadow fading is typically characterized as a random process of log-normally distribution, or normal distribution in dB unit. The standard deviation of the normal distribution should unbiasedly reflect the uncertainty of the path loss model. 
Proposal
We propose the text for TR 38.811 on LOS probability and path loss and shadow fading. The LOS probability is based on the agreement with addition of Dense Urban 60⁰ and 80⁰ data from newly generated ray tracing results. The same ray tracing output of Dense Urban and Suburban scenarios are used to extract clutter loss and shadow fading standard deviation in the proposed text. The Urban scenario Table 6.6.2-2 is left blank as a placeholder.
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6.6.1 LOS probability
Line-Of-Sight (LOS) probability depends on UE environment and elevation angle, and is obtained from Table 6.6.1. Reference elevation angles are considered from 10° to 90° with a 10° step. For an UE-to-satellite or UE-to-HAPS link, the LOS probability is taken from the nearest reference elevation angle. 
Table 6.6.1-1 LOS probability
	Elevation
	Dense urban scenario
	Urban scenario
	Suburban and Rural scenarios

	10⁰
	28.2%
	24.6%
	78.2%

	20⁰
	33.1%
	38.6%
	86.9%

	30⁰
	39.8%
	49.3%
	91.9%

	40⁰
	46.8%
	61.3%
	92.9%

	50⁰
	53.7%
	72.6%
	93.5%

	60⁰
	61.2%
	80.5%
	94.0%

	70⁰
	73.8%
	91.9%
	94.9%

	80⁰
	82.0%
	96.8%
	95.2%

	90⁰
	98.1%
	99.2%
	99.8%



6.6.2 Path loss and shadow fading
The signal path between a satellite or HAPS transmitter and an NTN terminal undergoes several stages of propagation and attenuation. The path loss (PL) is composed of components as follows: 
 , 
where 	 is the total path loss in dB,
	 is the basic path loss in dB,
	 is the attenuation due to atmospheric gasses in dB,
	 is the attenuation due to either ionospheric or tropospheric scintillation in dB,
	 is building entry loss in dB.
This section specifies the basic path loss model () which accounts for the signal’s free space propagation,  clutter loss, and shadow fading. Attenuations due to building entry loss, atmospheric gasses and scintillation are described in Sections 6.6.3, 6.6.4 and 6.6.6, respectively. 
The free space path loss (FSPL) for a separation distance d in meter and frequency  in GHz is  
   dB .
For a ground terminal, the distance d (a.k.a. slant range), as shown in Figure 6.6.2-1, can be determined by the satellite/HAPS altitude  and elevation angle  by
  , 
where  denotes Earth radius.


Figure 6.6.2-1 Slant range d between a satellite and a ground terminal
Clutter loss (CL) models the attenuation of signal power caused by surrounding buildings and objects on the ground. It depends the elevation angle , the carrier frequency , and the environment.  Shadow fading (SF) is modeled by a log-normal distribution, which when expressed in decibel unit, is a zero-mean normal distribution with a standard deviation , i.e., .
The basic path loss in dB unit is modeled as 
 ,
where  is the free space path loss,  is clutter loss, and  is shadow fading loss represented by a random number generated by the normal distribution, i.e., . When the UE is in LOS condition, clutter loss is negligible and should be set to 0 dB in the basic path loss model.  
The values of  and  are given in tables 6.6.2-1 to 6.6.2-3 at reference elevation angles for different scenarios. The UE in a particular scenario should take the values corresponding to the reference angle nearest to its elevation angle .
Table 6.6.2-1 Shadow fading and clutter loss for Dense urban scenario
	Elevation
	2 GHz
	20 GHz

	
	LOS
	NLOS
	LOS
	NLOS

	
	 (dB)
	 (dB)
	CL (dB)
	 (dB)
	 (dB)
	CL (dB)

	10⁰
	3.5
	15.5
	34.3
	2.9
	17.1
	44.3

	20⁰
	3.4
	13.9
	30.9
	2.4
	17.1
	39.9

	30⁰
	2.9
	12.4
	29.0
	2.7
	15.6
	37.5

	40⁰
	3.0
	11.7
	27.7
	2.4
	14.6
	35.8

	50⁰
	3.1
	10.6
	26.8
	2.4
	14.2
	34.6

	60⁰
	2.7
	10.5
	26.2
	2.7
	12.6
	33.8

	70⁰
	2.5
	10.1
	25.8
	2.6
	12.1
	33.3

	80⁰
	2.3
	9.2
	25.5
	2.8
	12.3
	33.0

	90⁰
	1.2
	9.2
	25.5
	0.6
	12.3
	32.9



Table 6.6.2-2 Shadow fading and clutter loss for Urban scenario
	Elevation
	2 GHz
	20 GHz

	
	LOS
	NLOS
	LOS
	NLOS

	
	 (dB)
	 (dB)
	CL (dB)
	 (dB)
	 (dB)
	CL (dB)

	10⁰
	
	
	
	
	
	

	20⁰
	
	
	
	
	
	

	30⁰
	
	
	
	
	
	

	40⁰
	
	
	
	
	
	

	50⁰
	
	
	
	
	
	

	60⁰
	
	
	
	
	
	

	70⁰
	
	
	
	
	
	

	80⁰
	
	
	
	
	
	

	90⁰
	
	
	
	
	
	



Table 6.6.2-3 Shadow fading and clutter loss for Suburban and Rural scenarios
	Elevation
	2 GHz
	20 GHz

	
	LOS
	NLOS
	LOS
	NLOS

	
	 (dB)
	 (dB)
	CL (dB)
	 (dB)
	 (dB)
	CL (dB)

	10⁰
	2.5
	8.1
	21.6
	1.9
	10.7
	29.5

	20⁰
	1.6
	8.2
	18.0
	1.6
	10.0
	24.6

	30⁰
	1.6
	7.5
	16.0
	1.9
	11.2
	21.9

	40⁰
	1.3
	9.8
	14.7
	2.3
	11.6
	20.0

	50⁰
	2.0
	10.9
	13.7
	2.7
	11.8
	18.7

	60⁰
	2.2
	11.2
	13.1
	3.1
	10.8
	17.8

	70⁰
	1.2
	8.9
	12.6
	3.0
	10.8
	17.2

	80⁰
	1.0
	8.9
	12.4
	3.6
	10.8
	16.9

	90⁰
	0.6
	8.9
	12.3
	0.4
	10.8
	16.8



----- end of text proposal -----
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